Evaluation of acute oxidative stress induced by NiO nanoparticles in vivo and in vitro.
Nickel oxide (NiO) is an important industrial material, and it is also a harmful agent. The toxicity of NiO is size-related: nanoparticles are more toxic than fine-particles. The toxic mechanism induced by NiO nanoparticles remains unexplained, and the relationship between in vitro and in vivo NiO toxicity results is unclear. In the present study, we focused on the oxidative stress caused by NiO nanoparticles by examining and comparing in vitro and in vivo acute responses induced by NiO nanoparticles. Cellular responses induced by black NiO nanoparticles with a primary particle size of 20 nm, were examined in human lung carcinoma A549 cells. In vivo responses were examined by instillation of NiO nanoparticles into rat trachea. Bronchoalveolar lavage fluid (BALF) was collected after intratracheal instillation at different time points, and concentrations of lipid peroxide heme oxygenase-1 (HO-1), surfactant protein-D (SP-D) and lactate dehydrogenase (LDH) in BALF were measured. The levels of intracellular reactive oxygen species and lipid peroxidation in A549 cells increased with increasing exposure to NiO nanoparticles, and increases in gene expressions of HO-1 and SP-D were observed in A549 cells. The lipid peroxide level in BALF significantly increased after 24 h instillation but decreased three days later. LDH leakage was also observed three days later. NiO nanoparticles induce oxidative stress-related lung injury. In vivo and in vitro oxidative stress was induced resulting in activation of antioxidant systems. Based on these responses, we conclude that the results of the in vivo and in vitro studies tend to correspond.